Eleven patients who suffered persistent bladder dysfunction after pelvic surgery have been investigated by needle urethral sphincter electromyography (EMG) and bladder muscle biopsy, and the results compared with those obtained in a series of controls. Individual motor units recorded from the urethral sphincter in patients who had undergone pelvic surgery were strikingly abnormal, suggesting the presence of reinnervation, and the density of detrusor innervation was significantly reduced. However, since reduction in the density of detrusor innervation may occur in circumstances other than peripheral nerve injury, we conclude that urethral sphincter EMG provides the most effective means of assessing damage to vesico-urethral innervation as a result of previous pelvic surgery.
Introduction
In 1908 Miles' described his radical operation for carcinoma of the rectum, and it was soon recognized that disturbances of continence and micturition were common complications of this procedure2. Emmett and Cristol3 argued that these occurred as a result of pre-existing prostatic hypertrophy, and recommended transurethral resection of the gland, even as early as three weeks after the original operation. Such a view, however, failed to explain the occurrence of urinary retention in women after abdominoperineal (AP) resection, nor did it account for the markedly higher incidence of urinary dysfunction after AP resection when compared with other forms of abdominal or pelvic surgery. In an attempt to explain these facts, Marshall et al.4 proposed that following excision of the rectum there might be a malalignment of the bladder, prostatic urethra and distal urethral sphincter due to posterior prolapse. This anatomical distortion might, they argued, result in either mechanical obstruction to voiding, or incontinence due to urethral sphincter malfunction.
More recent studies5 9 however have suggested that voiding dysfunction after AP resection is caused by intraoperative injury to the pelvic nerves, often superimposed upon a degree of pre-existing bladder outflow obstruction; similar factors have been proposed to account for the late effects of Wertheim's hysterectomy on bladder and urethral function'°.
The anatomical basis for the neural injury within the pelvis which may occur during excision of the rectum or hysterectomy has been described by Smith and Balantyne", and re-emphasized recently by Mundy"2. Mobilization of the rectum has been shown to exert a traction force on the pelvic nerves, rendering them vulnerable to disruption or division. The pudendal nerves lie in Alcock's canal, where they may be susceptible to injury, especially during perineal dissection in AP resection.
When disturbances of continence or micturition follow pelvic surgery, it is important to establish whether injury to pelvic and pudendal nerves has occurred. Urodynamic assessment may be helpful"3, but the findings of an open bladder neck and loss of the voiding reflex are not specific to pelvic nerve injury and may occur in many other neurogenic and non-neurogenic causes of bladder dysfunction. A more direct method of assessing the integrity of vesico-urethral innervation involves the recording of depolarization potentials from the striated muscle of the urethra and neurohistochemical examination of detrusor muscle biopsies. In order to establish whether these methods may provide a more certain means of assessing the degree of surgical nerve damage, we have studied a series of patients with persistent urinary dysfunction after pelvic surgery and compared the results with those obtained in age-matched controls.
Patients and methods
Eleven patients who complained of persistent bladder dysfunction following pelvic surgery were studied ( Table 1) . Their mean age was 58.3 years. Control data were derived from the study of 15 patients who denied symptoms related to the lower urinary tract, but had been admitted to the urology wards for surgery to the kidney or ureter. The mean age of these control subjects was 57 years. Informed consent for bladder biopsy or sphincter EMG was obtained in every case. Urethral sphincter EMG was performed using a coaxial needle electrode. In each patient 10 individual motor units were isolated and, as previously described14, their amplitude and duration measured from film. Motor units exhibiting more than five phase reversals were regarded as polyphasic.
Bladder muscle biopsies were taken endoscopically under general anaesthesia using Storz biopsy forceps. The tissue was frozen in liquid nitrogen, stored at -70°C and processed for tissue cholinesterases using the method described by Gomori'5.
The density of acetylcholinesterase-containing nerves in bladder muscle was assessed by a pointcounting technique. An eye-piece graticule with a grid divided into 1 mm squares was used: at each Different areas of muscle were examined, far enough apart to preclude the possibility of counting any point twice. A minimum of 500 and a maximum of 2000 points were counted in every case, and a mean value for the density of innervation/mm2 was calculated for each biopsy, and then for each patient.
Statistical analyses were carried out using a nonparametric test (Mann-Whitney U test) and the level of significance was taken as 1%.
Results
Urethral sphincter EMG in control patients revealed that only 4% of individual motor units were polyphasic and 93% were less than two millivolts in amplitude and shorter than six milliseconds in duration (Figures 1 and 2 ). By contrast, in patients suffering bladder dysfunction after pelvic surgery, 47% of individual motor units were poly-i1 oopva Figure 1 . Individual motor unit recorded from the striated muscle of the urethral sphincter in a controlpatient phasic ( Figure 3 ) and 64% were either greater than 2 millivolts in amplitude or longer than 6 milliseconds in duration ( Figure 4 ). These differences were statistically significant (P< 0.01).
Bladder muscle biopsies in control subjects clearly demonstrated a rich plexus of acetylcholinesterasepositive nerves in all cases ( Figure 5 ). The mean CONTROLS : . Figure 3 . Individual motor unit shown superimposed and in 'falling leaf display recorded from the striated muscle of the urethral sphincter of a patient who had undergone previous abdominoperineal resection of the rectum density of innervation (± standard error) in these subjects was 497 nerves/mm2 (± 22). However, in patients who had undergone pelvic surgery, although enzyme-positive nerves were present in every specimen examined, the density of innervation was markedly reduced (mean nerve density 195 nerves/mm2 (± 74) ( Figure 6 ). This difference was statistically significant (P<O.O1).
Discussion
The results of these studies lend weight to the view that the disturbances of continence and micturition that follow pelvic surgery are commonly the result of damage to the vesico-urethral innervation.
When the peripheral innervation of a striated muscle is damaged, muscle wasting follows, with a loss of motor units. As time elapses, reinnervation may occur, either by regrowth of the damaged nerve fibres or by collateral sprouting of surviving motor axons. In either circumstance the individual motor 
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Ot _, _;a units recorded by needle EMG may be of markedly increased amplitude or duration and are often polyphasic. Our observation, therefore, that in those patients who had undergone pelvic surgery, 64% of individual motor units recorded from the striated muscle of the urethral sphincter exceeded the control limits in either amplitude or duration, confirms that the technique can be used to demonstrate previous injury to the peripheral urethral innervation in such cases. Bladder muscle biopsies in the patients who had undergone pelvic surgery revealed the presence of acetylcholinesterase-containing nerves, but the density of innervation was significantly lower than in age-matched controls. This finding conflicts with that of Parsons et al. 16 , who reported a complete absence of enzyme-positive nerve in a similar group of patients. Their results were in fact contrary to theoretical expectation because, as shown by Dixon et al. 17 , the majority of pelvic parasympathetic ganglia are peripherally distributed in the bladder trigone and fundus. Consequently neural injury at the pelvic nerve level would be expected to affect mainly preganglionic fibres, leaving at least some postganglionic nerves intact. Our data are consistent with those of Neal"8 who reported a reduced density, but not a total absence of enzyme-positive nerves from bladder muscle after AP resection.
The assumption, however, that the reduced density of detrusor innervation in patients who had undergone pelvic surgery is always a direct result of peroperative damage to the pelvic nerves may have to be modified in the light of recent observations in patients with prostatic obstruction. Bladder muscle tissue in such patients with non-neuropathic outflow obstruction also shows a profound reduction in the density of enzyme-positive nerves compared with control material19. It therefore seems possible that at least some of the changes in detrusor innervation seen after pelvic surgery may be secondary to the altered bladder function that these patients suffer, rather than always a direct reflection of peroperative nerve damage. If this is indeed the case, then quantitative analysis of bladder muscle innervation may not always provide a reliable indication of the extent of peroperative neural injury. We conclude, therefore, that urethral sphincter EMG provides at present the most practical and reliable method of confirming the presence of injury to vesico-urethral innervation in those patients who complain of voiding disturbances after pelvic surgery.
